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ABSTRACT
Ali: 1. hop. Hydrobiol. Fish. (199/97) 7. 37-48
Key words: Metal concentrations, sediments, water and Lake Victoria.
Lake water samples were collected from
selected sampling sites (Fig. I) at I m from the
lake surface and I m from the lake bottom
between the month of March 1994 and March
1995 except for the months of December 1994
and February 1995. Water samples were
collected using a precleaned Van Dorn sampler
and transferred into cleaned polythene bottles
(soaked in dilute conc. Nitric acid, HNOJ) and
rinsed with distilled water) as recommended in
APHA (1985) and GEMSfWATER (1992).
MATERIALS AND METHODS
ISKANDAR et al., 1974 and FITCHIKO,
1975). Trace metal studies in the Nyanza gulf
(WANDIGA et ai., 1983; ONYARI (1985) and
OCHIENG (1987) revealed low concentration
levels. ONYARI et ai.. (1989) noted elevated
lead levels.
This study presents results of initial monitoring
of concentrations of AI, Fe, Mn, Zn, Pb, Cr, Cu
and Cd in water and sediment samples from
Lake Victoria (Kenya).
Surface Waters: AI(0.08 - 3.98), Fe(0.09 - ..1.01), Mn(0.02 - 0.10). Zn(O.OI -0.07),
Pb!O.OOI- 0.007), Cu(not dctectcL! - 0.006), Cr(not detected - 0.004).
Bottom Waters: AI(O.I 0 - 6.59), Fe(0.l3 - 9.64), Mn(0.04 - 0.39),
Zn{Q.OI- 0.08), Pb(0.002 - 0.009), Cu(not detected - 0.03). Cr(not detected -0002).
The water and bottom sediments of Lake Victoria (Kenya) were analysed for AI, Fe, Mn. Zn, Pb, Cu, Cr and Cd. The total
metal concentrations were determined and their mean variations and distributions discussed. The bottom lake waters
showed higher concentration levels than the surface waters. The range of values (in mg/l) in the bottom and surface lake
waters were as follows:
INTRODUCTION
River mouths and shallow areas in the lake showed higher total metal concentrations than offshore deeper areas. Apart
from natural metal levels, varied urban activities and wastes greatly contribute to the lake metal pollution as shown by high
Pb and Zn levels in sediments, around Kisumu and Homa Bay areas. Other comparatively high values and variations could
be attributed to the varied geological characteristics of the lake and its sediments.
Compared to the established W.H.O (1984) drinking water standards manganese, aluminium and iron levels were above
these limits whereas zinc, lead, chromium, copper and cadmium were below.
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Many trace metals are regarded as serious
pollutants of aquatic ecosystems because of
their environmental persistence, toxicity, and
ability to be incorporated into food chains. The
chemical behaviour of these elemen·ts in water
(i.e speciation) and accompanying trans-
formations in sediments, e.g. through
methylation, Hg and Sn results in even more
toxic forms. Sediments and water provide
pathways for trace metals where they may
become bioavailable to aquatic organisms, after
deposition and translocation from various
diffuse and point sources apart from geological
sources.
Various metals from industrial, agric\lltural,
domestic and urban wastes may enter the river
and lake waters through leaching, runoff,
effluents and dry deposition. In industrialized
and heavily urbanized areas, studies on heavy
metal sources, contamination and historical
loadings exist world wide (BINEY et ai.. 1991;
OKOYE et al., 1991; FORSTNER 1973;
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1 0 0 0 m l o f u n f i l t e r e d w a t e r s a m p l e w a s
p r l , ; s e r v e d w i t h c o n c . N i t r i c a c i d ( H N 0 3 ,
A n a l y t i c . l l G r a d e Q u a l i t y . 7 0 o / c w / w ) a n d
s t o r e d u n d e r r e f r i g e r a t i o n b e f o r e d i g e s t i o n w i t h
c o n c . N i t r i c a c i d ( A n a l y t i c a l G r a d e Q u a l i t y , 7 0
% w / w i n t h e l a b o r a t o r y a c c o r d i n g t o s t a n d a r d
m e t h o d s ( A P H A , 1 9 8 5 a n d G E M S I W A T E R ,
1 9 9 2 ) . A c i d b l a n k s w e r e h a n d l e d a n d p r e p a r e d
i n a s i m i l a r w a y a s t h e s a m p l e s .
L a k e b o t t o m s e d i m e n t s w e r e c o l l e c t e d u s i n g a
p r e c l e a n e d E k m a n g r a b s a m p l e r a t e a c h
s a m p l i n g s i t e . T h e i n n e r m o s t p a r t o f t h e
s e d i m e n t ( n o t i n c o n t a c t w i t h t h e s a m p l e r ) w a s
s c o o p e d u s i n g a p r e c l e a n e d s t a i n l e s s s t e e l
s p o o n . t r a n s f e r r e d i n t o p o l y t h e n e b a g s a n d
f r o z e n b e f o r e d r y i n g a t 1 0 5 ° C f o r 2 4 h o u r s i n
a n o v e n . A f t e r c r u s h i n g t o p o w d e r e d f o r m , t h e
l e s s t h a n 6 3 f l m g r a i n s i z e f r a c t i o n ( s e i v e d u s i n g
a s t a i n l e s s s t e e l B . S 4 1 0 S t a n d a r d s i e v e ) w a s
d i g e s t e d u s i n g 1 0 m l o f A q u a - r e g i a ( i . e c o n c .
H N O , : c o n c . H C I 1 : 3 v o l . r a t i o , A n a l y t i c a l
G r a d e Q u a l i t y a c i d s . ) f o r 3 0 m i n u t e s a t 6 0 ° C i n
a n a l u m i n i u m h e a t i n g b l o c k . T h e r e s u l t i n g
s o l u t i o n s w e r e d i l u t e d t o m a r k i n 5 0 m l
v o l u m e t r i c f l a s k u s i n g d i s t i l l e d w a t e r . R e a g e n t
b l a n k s w e r e t r e a t e d i n a s i m i l a r m a n n e r . T h e
o r g a n i c m a t t e r c o n t e n t i n t h e l a k e s e d i m e n t s
w a s d e t e r m i n e d a s p e r c e n t a g e l o s s o n i g n i t i o n
( L . O . ! ) b y d r y i n g a b o u t 1 . 0 g o f t h e s e d i m e n t a t
5 5 0 ° C i n a f u r n a c e f o r I h o u r . T h e L . O . !
( H A K A N S O N e t a l . , 1 9 8 3 ) w a s c a l c u l a t e d a s
s h o w n b e l o w :
W s - W r
L . O . I . = - - x 1 0 0
W s
W h e r e W s = W e i g h t o f d r y s e d i m e n t ; a n d
W r = W e i g h t o f i n o r g a n i c r e s i d u e .
T h e d i g e s t s w e r e a n a l y s e d u s i n g a n a u t o m a t e d
V a r i a n T e c h t r o n S p e c t r a A A - I O a t o m i c
a b s o r p t i o n s p e c t r o p h o t o m e t e r . T h e s a m p l e s
w e r e r u n t o g e t h e r w i t h t h e b l a n k s . A n y e l e m e n t
i n t r o d u c e d i n t o t h e s a m p l e d i g e s t s w a s
s u b t r a c t e d f r o m t h e e l e m e n t c o n c e n t r a t i o n i n
t h e w a t e r a n d s e d i m e n t s a m p l e s a n a l y s e d .
. . . , ! .
T h e p H , c o n d u c t i v i t y , t e m p e r a t u r e , d i s s o l v e d
o x y g e n a n d t u r b i d i t y w e r e d e t e r m i n e d i n s i t u
u s i n g s t a n d a r d m e t e r s . T o t a l a l k a l i n i t y a n d t o t a l
h a r d n e s s w e r e a l s o d e t e r m i n e d a c c o r d i n g t o
s t a n d a r d m e t h o d s ( A P H A , 1 9 8 5 ) .
S T U D Y A R E A
T h e s t u d y a r e a ( F i g . ! ) c o m p r i s e s o f t h e K e n y a n
p o r t i o n o f L a k e V i c t o r i a w h i c h c o n s t i t u t e s
a b o u t 6 % ( a p p r o x 4 , 0 0 0 k m
2
) o f t h e e n t i r e l a k e .
N y a n z a g u l f f o r m s t h e m a i n s e c t i o n o f t h e
K e n y a n p a r t o f L . y i c t o r i a w i t h a s u r f a c e a r e a
o f a b o u t 1 , 4 0 0 k m - ( M E L A C K , 1 9 7 9 ) a n d a
,
t o t a l c a t c h m e n t a r e a o f a b o u t 1 1 , 9 9 4 k m - . T h e
l a k e s h o r e b a s i n i s r e l a t i v e l y d r y w i t h a l o w
l y i n g s o a t h e r n s h o r e a n d a h i l l y n o r t h e r n s h o r e .
T h e m a j o r r i v e r b a s i n s a r e N y a n d o ( t o t a l a r e a
3 , 4 5 0 k m
2
) S o n d u - M i r i u ( t o t a l a r e a 3 , 4 8 9 k m
2
)
a n d N z o i a b a s i n ( C A L A M A R I e t a l . , 1 9 9 2 ) .
T h e r e g i o n a l g e o l o g y c o n s i s t s o f P r e c a m b r i a n
r o c k s , T e r t i a r y s e d i m e n t s a n d l a v a s , a n d
Q u a t e r n a r y v o l c a n i c s a n d s e d i m e n t s
( N Y A M B O K e t a l . , 1 9 7 9 ) . S u r r o u n d i n g a r e a s
i n c l u d e N a n d i , K e r i c h o a n d K i s i i h i g h l a n d s .
T h e m a i n i n d u s t r i e s i n c l u d e s u g a r , t e a a n d
c o f f e e i n t h e h i g h l a n d a n d l a k e s h o r e r e g i o n s
w i t h o t h e r s c o n c e n t r a t e d a r o u n d t h e m a i n
K i s u m u t o w n ( K I R U G A R A e t a l . , 1 9 9 6 ) . T h e
a r e a r e c e i v e s a n a n n u a l r a i n f a l l r a n g i n g f r o m
1 , 3 0 0 m m 1 , 8 0 0 m m w i t h a l o n g r a i n y s e a s o n
( M a r c h - M a y ) a n d a s h o r t r a i n y s e a s o n
( O c t o b e r D e c e m b e r ) .
R E S U L T S A N D D I S C U S S I O N
L a k e V i c t o r i a ( K e n y a ) w a t e r s
T h e m e a n p H , c o n d u c t i v i t y a n d t u r b i d i t y v a l u e s
i n s u r f a c e w a t e r s r a n g e d f r o m 7 . 0 - 8 . 1 , 9 7 . 8 -
- I
1 6 3 . 3 f l S c m , a n d 9 . 3 - 6 5 . 3 N . T . U .
r e s p e c t i v e l y . I n t h e b o t t o m w a t e r s t h e m e a n p H ,
c o n d u c t i v i t y a n d t u r b i d i t y r a n g e d f r o m 7 . 1 -
- I
8 . 2 , 9 7 . 8 - 1 7 7 . 5 f l S c m , a n d 7 . 2 - 2 4 5 . 8 N . T . U .
r e s p e c t i v e l y .
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T h e t o t a l m e a n C u v a l u e s s h o w e d a m a x i m u m
v a l u e o f 0 . 0 0 6 m g / l i n t h e s u r f a c e w a t e r
( s t a t i o n s 9 a n d 2 ) a n d i n t h e b o t t o m w a t e r
( s t a t i o n s 4 , 3 2 a n d 3 7 ) . T h e m a x i m u m C u v a l u e
o f 0 . 0 3 m g / l w a s r e c o r d e d a t s t a t i o n 5 3 .
C o p p e r a n d c h r o m i u m c o n c e n t r a t i o n s w e r e
d e t e r m i n e d f r o m M a r c h 1 9 9 4 t o J u l y 1 9 9 4 w i t h
a m a x i m u m v a l u e o f 0 . 0 0 4 m g / l ( s t a t i o n 3 7 ) . A
m e a n C r v a l u e 0 . 0 0 2 m g / l o c c u r r e d a t s t a t i o n s
8~ 1 , 5 3 , 3 2 a n d 3 4 , i n t h e s u r f a c e w a t e r s .
t h e l o w e s t m e a n v a l u e d u r i n g A u g u s t 1 9 9 4 .
H i g h e r m e a n m o n t h l y t o t a l M n v a l u e s i n
b o t t o m a n d s u r f a c e l a k e w a t e r s w e r e r e c o r d e d
b e t w e e n M a r c h 1 9 9 4 a n d M a y 1 9 9 4 . D u r i n g t h e
r a i n y p e r i o d s ( M a r c h 1 9 9 4 t o J u n e 1 9 9 4 )
e r o s i o n a l a c t i o n b y t h e r i v e r s i n t h e c a t c h m e n t
a r e a r e l e a s e s l a r g e a m o u n t s o f s e d i m e n t s i n t o
t h e l a k e . A b s o r b e d m e t a l s o n t h e s e p a r t i c l e s
r e m a i n i n s u s p e n s i o n , t h u s c o n t r i b u t i n g t o t h e
h i g h m e t a l c o n c e n t r a t i o n s i n t h e w a t e r c o l u m n .
. . . . . . . . ---- - . - - -- ~'il - ------ .
F i g . 2 . M e a n t o t a l P b a n d C u c o n c e n t r a t i o n v a r i a t i o n i n l a k e w a t e r
o I . 0 ' ,
1 0 9 8 3 1 7 1 2 5 3 5 4 2 6 3 7 3 1 4 3 2 3 4
S a m p l i n g s t a t i o n s
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T h e d i s t r i b u t i o n o f t r a c e m e t a l s i n t h e s u r f a c e
a n d b o t t o m l a k e w a t e r s a r e p r e s e n t e d i n f i g u r e s
2 , 3 a n d 4 b e l o w . C a d m i u m w a s n o t d e t e c t e d i n
l a k e s u r f a c e a n d b o t t o m w a t e r s . C h r o m i u m w a s
b e l o w d e t e c t i o n l i m i t i n m o s t o f t h e s t a t i o n s .
R e l a t i v e l y h i g h l e v e l s o f A I , F e a n d M n w e r e
n o t e d a t s t a t i o n s 1 , 2 , 3 a n d 5 3 ( r i v e r m o u t h
s i t e s ) w h i c h a r e c h a r a c t e r i s e d b y s h a l l o w w a t e r s
w i t h e x c e s s i v e s u s p e n d e d p a r t i c u l a t e m a t e r i a l s
f r o m e r o s i o n i n t h e c a t c h m e n t . T h e s a m e
o b s e r v a t i o n o c c u r r e d a t s t a t i o n s 9 a n d 1 0
( s h a l l o w n e a r s h o r e u r b a n s i t e s ) i n f l u e n c e d b y
t h e u r b a n a c t i v i t i e s ( r u n o f f , i n d u s t r i a l e f f l u e n t s
a n d m u n i c i p a l w a s t e s ) i n t h e r e s p e c t i v e t o w n s .
T h e m e a n t o t a l r a n g e v a l u e s f o r Z n P b , M n , C u
a n d C r w e r e ( 0 . 0 1 - 0 . 0 8 m g / l ) , ( 0 . 0 0 1 - 0 . 0 0 9
m g / l ) , ( 0 . 0 1 - 0 . 3 9 m g / l ) , ( n o t d e t e c t e d t o 0 . 0 3
m g / l ) a n d ( n o t d e t e c t e d t o 0 . 0 0 4 m g l l )
r e s p e c t i v e l y . R e l a t i v e l y h i g h A l a n d F e
c o n c e n t r a t i o n s i n s u r f a c e a n d b o t t o m w a t e r s
o c c u r r e d f r o m M a r c h 1 9 9 4 t o J u n e 1 9 9 4 w i t h
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T w o w a y a n a l y s i s o f v a r i a n c e ( A N O V A )
r e v e a l e d s i g n i f i c a n t d i f f e r e n c e s a t 9 5 % l e v e l i n
t h e l e v e l s o f P b , C r , M n , F e i n s u r f a c e a n d P b , A I ,
F e i n b o t t o m w a t e r s f o r t h e m o n t h s s a m p l e d . A I ,
M n a n d F e l e v e l s i n s u r f a c e w a t e r s w e r e
s i g n i f i c a n t l y d i f f e r e n t a t 9 5 % i n t h e v a r i o u s
s t a t i o n s . M o s t o f t h e s h a l l o w (~ 3 . 0 m d e e p )
a r e a s a n d r i v e r m o u t h s t a t i o n s r e c e i v e m u c h o f
t h e p a r t i c u l a t e m a t e r i a l s f r o m e r o s i o n a n d r u n o f f .
T h e m i x t u r e o f o r g a n i c a n d i n o r g a n i c m a t e r i a l s
c o u p l e d w i t h r e s u s p e n d e d m a t e r i a l s f r o m t h e
b o t t o m t e n d t o r e m a i n u n s e t t l e d i n t h e w a t e r
c o l u m n . D u e t o t h e a d s o r p t i o n o f e l e m e n t s o n t o
t h e s e p a r t i c l e s , t h e y t e n d t o b e m o r e a s s o c i a t e d
a n d r e m a i n i n t h e p a r t i c u l a t e f o r m . T h i s m a y b e
r e f l e c t e d i n t h e s t r o n g p o s i t i v e i n t e r - e l e m e n t
c o r r e l a t i o n s b e t w e e n F e , M n , P b a n d C u w i t h A l
( F e - A I r = 0 . 9 9 ; A I - M n r = 0 . 7 1 ; P b - A I r = 0 . 6 9 ;
A I - C u r = 0 . 6 8 ) i n t h e s u r f a c e w a t e r s . O t h e r
p o s i t i v e c o r r e l a t i o n s i n s u r f a c e w a t e r s w e r e
o b s e r v e d b e t w e e n M n . P b , C u w i t h F e ( F e - M n r
= 0 . 7 3 ; F e - C u r = 0 . 7 4 ; F e - P b r = 0 . 6 7 ) a n d
b e t w e e n M n a m I P b ( r = 0 . 6 1 ) . I n t h e b o t t o m
w a t e r s , A l s h o w e d s t r o n g p o s i t i v e c o r r e l a t i o n s
w i t h F e , M n , C u a n d P b ( A I - C u r = 0 . 7 8 ; A I - F e
r = 0.99~ A I - M n r = 0 . 8 7 a n d A I - P b r = 0 . 8 0 ) . A l
a n d F e a r e d o m i n a n t e l e m e n t s b e i n g a l w a y s
p r e s e n t i n r e l a t i v e l y h i g h l e v e l s i n n a t u r a l w a t e r s
a n d t h e e l e v a t e d l e v e l s c o u l d b e e x p l a i n e d b y t h e
a b o v e f a c t o r s .
L a k e s e d i m e n t s .
B o t t o m s e d i m e n t s i n d e e p e r a r e a s c o n s i s t e d o f
b l a c k g r e y i s h c l a y m a t e r i a l a s c o m p a r e d t o s a n d y
s e d i m e n t s i n i n s h o r e a n d r i v e r m o u t h r e g i o n s
w h i c h w e r e s h a l l o w . S e d i m e n t m e a n o r g a n i c
m a t t e r c o n t e n t r a n g e d f r o m 4 % - 3 2 . 5 2 % a s
s h o w n i n f i g u r e 5 . T h e m e a n m e t a l s e d i m e n t
l e v e l s f o r A I , F e , M n , Z n , P b , C u , C r a n d C d a r e
s h o w n i n f i g u r e s 6 . 7 , a n d 8 b e l o w .
T h e s e u i m e n t m e a n A l c o n t e n t a p p e a r e d m o r e
u n i f o n n w i t h t h e l o w e s t v a l u e s r e c o r d e d a t
s t a t i o n s 1 7 a n d 5 4 p r o b a b l y a s a r e s u l t o f l e s s
s e d i m e n t i n p u t a s c o m p a r e d t o t h e o t h e r r i v e r
m o u t h s t a t i o n s . T h e m a x i m u m a n d m i n i m u m
m e a n A l c o n c e n t r a t i o n v a l u e s w e r e 0 . 8 1 0 w t . %
a n d 0 . 1 2 1 w t . % i n s t a t i o n s 9 a n d 5 4 r e s p e c t i v e l y .
H i g h e r v a l u e s o c c u r r e d i n s t a t i o n s 4 ( 0 . 6 4 7
w t . % ) , 3 7 ( 0 . 7 1 8 w t . % ) , 5 3 ( 0 . 6 7 8 w t . % ) , 3
• • ! '
( 0 . 6 7 4 w t . % ) , 1 0 ( 0 . 6 6 3 w t . o / c ) , 2 ( 0 . 5 3 7 w t . % ) ,
2 6 ( 0 . 5 7 4 w t . o / c ) , 3 1 ( 0 . 6 1 5 w t . c l c ) , I ( 0 . 5 8 1
w t . % ) a n d 3 2 ( 0 . 5 4 2 w t . % ) .
M e a n i r o n s e d i m e n t c o n c e n t r a t i o n v a l u e s r a n g e d
f r o m 1 . 6 1 w t . % ( s t a t i o n 2 6 ) t o 5 . 5 5 w t . % ( s t a t i o n
5 4 ) . O t h e r h i g h F e v a l u e s D o t e d w e r e 3 . 1 9 w t . %
( s t a t i o n 9 ) , 4 . 4 2 w t . % ~station I ) , 3 . 8 9 w t . %
( s t a t i o n 3 ) , 3 . 1 1 w t . % ( s t a t i o n 8 ) , a n d 3 . 1 4 w t . %
( s t a t i o n 5 3 ) .
M a n g a n e s e v a l u e s w e r e h i g h i n s t a t i o n s I , 5 4 , 2
a n d 3 w i t h 0 . 1 8 1 w t % , 0 . 1 6 3 w t . % , 0 . 1 4 9 w t . %
a n d 0 . 1 4 9 w t . % r e s p e c t i v e l y . T h e m i n i m u m a n u
m a x i m u m m e a n M n c o n c e n t r a t i o n v a l u e s w e r e
0 . 0 2 9 w t . % ( s t a t i o n 2 6 ) a n d 0 . 1 8 1 w t . % ( s t a t i o n
I ) .
Z i n c I 1 I e a n v a l u e s r a n g e d f r o m 3 1 . 8 f l g / g ( s t a t i o n
5 4 ) t o 1 3 6 . 4 f l g / g ( s t a t i o n 1 0 ) . O t h e r h i g h Z n
m e a n v a l u e s o f 1 1 3 . 6 f l g / g ( s t a t i o n 3 ) , 9 5 . 5 u g / g
( s t a t i o n s 9 , 2 a n d 1 ) , 7 7 . 3 f l g / g ( s t a t i o n 1 7 ) , 7 2 . 7
f l g / g ( s t a t i o n 4 ) a n d 6 3 . 6 f l g / g ( s t a t i o n 3 2 ) w e r e
r e c o r d e d .
T h e h i g h e s t P b c o n c e n t r a t i o n v a l u e o f 1 2 2 . 7 f l g / g
o c c u r r e d a t s t a t i o n 1 0 w i t h a l o w v a l u e o f 1 3 . 6
f l g / g ( s t a t i o n 3 2 a n d s t a t i o n 5 3 ) . O t h e r h i g h
v a l u e s o f P b O C C U l T e d a t s t a t i o n s 1 , 8 , 5 4 , 3 , a n d
9 o f 9 5 . 5 f l g / g , 8 1 . 8 f l g / g , 8 1 . 8 f l g / g a n d 7 7 . 3
f l g / g r e s p e c t i v e l y . S t a t i o n 1 0 i s l o c a t e d a r o u n d
t h e K i s u m u r a i l w a y h a r b o u r w h i c h i s a d j a c e n t t o
t h e t o w n . V a r i o u s " j u a k a l i " a c t i v i t i e s a n d w a s t e s
f r o m t h e s e a r e a s , l e a d e d f u e l u s e d b y v e h i c l e s ,
p a i n t s a n d t h e i n d u s t r i a l a n d m u n i c i p a l w a s t e
d i s c h a r g e s a r e t h e p r o b a b l e s o u r c e s o f l e a d a n d
z i n c i n p u t i n t h e s e a r e a s .
C o p p e r w a s n o t d e t e c t e d i n s t a t i o n s 1 7 , 5 4 a n d
3 1 . A r e l a t i v e l y h i g h m e a n v a l u e o f 5 0 f l g / g
o c c u r r e d a t s t a t i o n s 5 3 w h i l e s t a t i o n s 1 0 , 9 , 1 , 8 ,
3 a n d 3 2 r e c o r d e d 3 0 f l g / g , 3 0 f . l g / g , 3 0 f l g / g , 4 0
f l g / g , 3 0 f . l g / g a n d 3 3 f . l g / g r e s p e c t i v e l y . B o t t o m
w a t e r s a t s t a t i o n 5 3 a l s o s h o w e d a r e l a t i v e l y h i g h
C u v a l u e , a n d t h i s c o u l d p r o b a b l y b e a n
i n d i c a t i o n o f s o m e e x t e r n a l s o u r c e f r o m t h e
d r a i n a g e a r e a o r t h e i n f l u e n c e o f P a n p a p e r m i l l
e f f l u e n t s u p s t r e a m .
T h e m a x i m u m C r c o n t e n t i n l a k e b o t t o m
s e d i m e n t s w a s 8 5 . 7 f l g / g i n s t a t i o n s 9 , 2 a n d 4 .
H i g h v a l u e s o f 7 8 . 6 f l g / g ( s t a t i o n s 5 3 a n d 3 1 ) , '
7 1 . 4 f l g / g ( s t a t i o n 3 ) a n d 5 9 . 5 f l g / g ( s t a t i o n 3 2 )
w e r e r e c o r d e d .
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Fig, 6, Mean A1 and Mn concentration in lake sediments
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The results from lake sediments in less than 63 m
grain size, were highly comparable to earlier
results in the same area as shown in table (11),
except high Fe and Mn values. Comparable
levels were found in lake sediments as compared
to data from N.W. of Lake Victoria, Uganda
(MOTHERSILL, 1976) apart from high Zn
levels.
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In all the stations, Cd was below detection level
in the bottom sediments. There is a strong
correlation between Mn and Fe (r = 0.86) in lake
sediments. A moderate positive correlation (r =
0.55) was observed for only Al and percentage
organic matter content (determined as loss on
ignition) whereas both Fe and Mn showed a
negative correlation (Fe, r =-0.5, Mn, r =-0.54).
Mn and Fe have similar chemical behaviour and
this could account for this Association.
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Table II. A comparison between the metal concentration values (mean and ranges) in sediments of Lakc Victoria with data from previous studies,
unpolluted river sediments, continental crustal abundances, and average shale values (values in ~g/g).
Element N.W. Lake 1984 & 1987 Unpolluted Continental Crustal Average Lake Victoria
Victoria (a) Survey (b) Sediments (c) Abundances (d) Shale (e) Sediments
AI - - - 82300 - 1210-8100
Fe (33000-157000) (1180-52800) 41000 56000 46700 16100-55500
Mn - 53.1-616 770 950 850 290-1810
Zn 49-115 2.54-286 95 70 95 31.8-136.4
Pb - 2.5-152 19 12.5-20 20 13.6-122.7
Cu 11-96 0.96-78.6 33 55 45 NO-50
Cr 40-103 33-131 - 100 90 NO-85.7
Cd - 0.55-1.02 - 0.10 0.3 NO
NO = not detected
= not determined
Sources:
(a) MOTHERSILL, J.S. 1976., (b) ONYARI, J.M. 1985 and ONYARI, J.M. ct al 1989.,
(c) GESAMP 1982, SOLOMONS et al 1984., (d) TAYLOR, S.R. 1964., (e) TUREKIAN, K.K. et al 1961.,
(0 1994/1995 sediments « 63 ~m grain size) current study.
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n t l = n o t u e t e l : t a b l e ; A = A e s t h e t i c l i m i t : H = H e a l t h l i m i t
T a b l e I . A c o m p a r i s o n b l . : t w e e n t h e m e a n t o t a l m e t a l c o n c e n t r a t i o n r a n g e v a l u e s i n l a k e ( s u r f a c e a n d b o t t o m ) w a t e r s
a n d t h c e s t a b l i s h e d W H O ( 1 9 8 4 ) d r i n k i n g w a t c r g u i d e l i n e v a l u e s ( A l l v a l u e s i n m g t ] ) .
L a k e b o t t o m s e d i m e n t s a r o u n d K i s u m u a n d
H o m a b a y t o w n s s h o w e d r e l a t i v e l y h i g h P b a n d
Z n l e v e l s . T h e s e u r b a n s i t e s c o n t r i b u t e v a r i e d
t y p e s . a n d l e v e l s o f inor~anic c o n t a m i n a n t s
i n p u t t h r o u g h v a r i o u s i n d u s t r i a l a n d m u n i c i p a l
w a s t e s f r o m t h e e f f l u e n t s a n d r u n o f f s . L e a d e d
f u e l , p a i n t s a n d a s s o c i a t e d h a r b o u r a c t i v i t i e s
c o n t r i b u t e t o t h e e x t e r n a l i n p u t s o f t h e s e m e t a l s ,
a p a r t f r o m t h e g e o l o g i c a l s o u r c e s .
F e a n d M n l e v e l s i n t h e s e d i m e n t s w e r e h i g h e r
t h a n r e s u l t s f r o l l l e a r l i e r s u r v e y s ( O N Y A R I ,
1 9 8 5 & O N Y A R I e t a t . , 1 9 8 9 ) w h e r e a s t h e r e s t
o f t h e c l e m e n t s w e r e c o m p a r a b l e . T h e s e
e l e m e n t s m o s t l i k e l y a r i s e a s e r o d e d s o i l s a n d
t h e i r c o n c e n t r a t i o n s n e a r r i v e r m o u t h s a n d i n
s h a l l o w , n e a r s h o r e w a t e r s w i l l l i k e l y v a r y w i t h
r i v e r d i s c h a r g e a n d w i n d - g e n e r a t e d t u r b u l e n c e
c a u s i n g r e - s u s p e n s i o n .
C o m p a r e d t o t h e W . H . O ( 1 9 8 4 ) d r i n k i n g w a t e r
g u i d e l i n e v a l u e s ( T a b l e I ) . t h e n e a r s h o r e w a t e R
i n t h i s s t u d y c o n t a i n e d e l e v a t e d l e v e b o f A I .
M n a n d F e . T h e l e v e l s o f C u . C r . C d . I I I a n d P h
w e r e b e l o w t h e s e l i m i t s . T h e r e f o r e , f o r s a f e
c o n s u m p t i o n i n r e g a r d t o m e t a l s . e f f i < . : i e n t
t r e a t m e n t o f t h e l a k e w a t e r i s r e q u i r e d .
m o u t h s t a t i o n s w h e r e b o t t o m n : s u s p e l l c k d
s e d i m e n t a n d s u s p e n d e d p a r t i c u l a t e m a t e r i a l s
c o u l d p o s s i b l y c o n t r i b u t e t o h I g h m e t a l l e v e l 5 a s
a r e s u l t o f m e t a l a d s o r p t i o n o n t o t h e s e p a r t i c l e s .
E k m e n t
T o t a l m e a n c o n c e n t r a t i o n r a n g e v a l u e s
W H O d r i n k i n g w a t e r
S u r f a c e w a t e r s B o t t o m w a t e r s
g u i d e l i n e s
( n = 1 1 )
( n = I I )
-
A l u m i n i u m
0 . 0 8 - 3 . 9 8
0 . 1 0 - 6 . 5 9
0 . 2 ( A )
I r o n ( F e )
0 . 0 8 - 3 . 8 3
0 . 2 3 - 9 . 6 4
0 . 3 ( A )
M a n g a n e s e ( M n )
0 . 0 2 - 0 . 1 2
0 . 0 4 - 0 3 9
0 . 1 ( A )
Z i n c ( Z n )
0 . 0 0 8 - 0 . 0 7 0 . 0 1 - 0 . 0 8
5 . 0 ( A )
L e a d ( P b )
n d - 0 . 0 1 0 . 0 0 2 - 0 . 0 0 9
0 . 0 5 ( H )
C o p p e r ( C u )
n d - 0 . 0 0 6 n d - 0 . 0 3
1 . 0 0 ( A )
C h r o m i u m ( C r )
n d - 0 . 0 0 4
n d - 0 . 0 0 2
0 . 0 5 ( H )
C a d m i u m ( C d )
n d n d
0 . 0 0 5 ( H )
A p a r t f r o m s t a t i o n 5 4 ( O f f R . Y a l a m o u t h ) ,
w h i c h ' r e c e i v e s w a t e r a f t c r p a s s i n g t h r o u g h t h e
s w a m p a n d w h i c h r e c o r d e d r e l a t i v e l y l o w e r
m e t a l l e v e l s . s t a t i o n s 3 ( O t f R . A w a c h ) . I ( O f f R .
N y a n d o ) . 1 0 ( R a i l w a y p i e r ) , 2 ( O f f R . S o n d u -
M i r i u ) , 9 ( H o m a b a y ) . 1 7 ( O f f R . K i b o s ) a n d
3 7 ( 0 1 ' 1 ' S o k l o p o i n t ) r e c o r d e d h i g h e r m e t a l
l e v e l s . T h e s e a r e s h a l l o w n e a r s h o r e a n d r i v e r
C O l \ ; C L U S I O N
T h e b o t t o m l a k e w a t e r s c o n t a i n e d r e l a t i v e l y
h i g h e r t o t a l m e t a l c o n c e n t r a t i o n l e v e l s a s
c o m p a r e d t o t h e s u r f a c e l a k e w a t e r s . S i g n i f i c a n t
v a r i a t i o n s b e t w e e n t h e s u r f a c e a n d b o t t o m l a k e
\ v a t e r s w e r e o b s e r v e d f o r t o t a l A I , M n a n d F e ,
w i t h r e l a t i v e l y h i g h e r l e v e l s d u r i n g t h e r a i n y
s e a s o n s . C u , A I , F e a n d M n r e c o r d e d m a x i m u m
l e v e l s a t t h e m o u t h o f R . N z o i a . T h e h i g h
s e d i m e n t l o a d s i n p u t f r o m t h e c a t c h m e n t a r e a
c o u l d p r o b a b l y r e s u l t i n m o r e o f t h e e l e m e n t s
e x i s t i n g i n p a r t i c u l a t e f o r m d u e t o m e t a )
a d s o r p t i o n . P a n - P a p e r m i l l f a c t o r y e m u e n t
d i s c h a r g e u p s t r e a m m a y m o d i f y t h e n a t u r a l C u
l e v e l s o b s e r v e d , w h e r e s i g n i f i c a n t l y h i g h C u
l e v e l s i n s e d i m e n t s a n d b o t t o m w a t e r s w e r e
n o t e d a t t h e m o u t h o f R . N z o i a a s c o m p a r e d t o
o t h e r a r e a s .
T h e r i v e r m o u t h s a n d s h a l l o w n e a r s h o r e a r e a s
i n t h e l a k e r e c o r d e d r e l a t i v e l y h i g h e r t o t a l
c o n c e n t r a t i o n l e v e l s o f A I , F e a n d M n . C d w a s
b e l o w d e t e c t i o n l e v e l s i n b o t h w a t e r a n d b o t t o m
l a k e s e d i m e n t .
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SUMMARY
Results from the monthly study conducted
between March 1994 and March 1995 in Lake
Victoria (Kenya), on the concentration and
distribution levels of total AI, Fe, Mn, Cu, Zn,
Cr, Pb and Cd in sediments, surface and bottom
waters, revealed high levels in bottom waters as
compared to the surface waters. Relatively high
levels of metals were observed in the shallow
nearshore and river mouth areas.
The presence of particulate materials from river
inputs coupled with resuspended sediments,
remain in suspension in the water column
where the adsorbed metals result is the high
total concentrations observed. Various non-
point and point sources tend to modify the
metal levels in the waters. Relatively higher Pb
and Zn levels were observed in sediments
around the urban sites (Kisumu and Homa bay)
.compared to other areas in the lake. This
indicates the influence of metal pollution from
the surrounding towns activities ("juakali" and
harbour activities, vehicle leaded fuel and
paints), industrial effluents and municipal
wastes.
The concentration levels of AI, Fe and Mn were
higher than the recommended W.H.O (1984)
drinking water guideline values, whereas Cu,
Cr,Cd, Zn and Pb levels were below.
There is need to understand the source,
pathway, loads and fate of- inorganic
contaminants from the catchment area into the
lake. For rational exploitation of the aquatic
resources, with minimal interference, proper
watershed management policies and efficient
control of pollutants into the natural surface
waters is necessary.
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